structure consistent with the NMR data was obtained (Fig. 2) . 17 The crystals contained disordered molecules related by a mirror plane parallel to (0 1 0). The mirror plane is not part of the space group symmetry but is part of the point group, and thus, is inconsistent with twinning. A distinctive feature of this nearly square planar structure is the significant difference in the Pt-CH 3 bond lengths with values of 2.05(3) and 2.14(3) Å for the Pt-C bonds trans to nitrogen and phosphorus, respectively.
Upon heating a sample of 1 in C 6 D 6 at 100°C for four days, the NMR resonances of 1 disappeared and broad resonances corresponding to a new species, 2-L, appeared along with a sharp singlet at 0.16 ppm consistent with the formation of CH 4 (Scheme 1). 20 The broad resonances that could be clearly identified were centered at 0.77 ppm (ν 1/2 = ∼90 Hz, Pt-Me), 1.45 ppm (ν 1/2 = ∼160 Hz, tBu resonances having the appearance of a virtual triplet), and in the aromatic region centered at 6.48 and 7.99 ppm. Another aromatic feature appears to be centered under the benzene residual solvent resonance (7.16 ppm). Integration of the 1 H NMR resonances versus a hexamethylbenzene internal standard indicated that the new species, 2-L, formed in ca. 80% yield. The solution remained clear and colorless throughout the thermolysis and a broad 31 P NMR resonance at approximately 159 ppm with coupling to Pt ( 1 J Pt-P ∼ 4400 Hz) indicated that the phosphine was still bound to Pt, although trans to a more weakly donating ligand than a Me group. 16 To explore the identity of 2-L, the volatiles were removed in vacuo and the sample was redissolved in pyridine-d 5 . The 1 H NMR spectrum of the sample in pyridine-d 5 21 A COSY experiment in pyridine-d 5 confirmed the presence of three and only three aromatic protons in the molecule. This observation suggested the possibility that a rollover cyclometalation cleaving an aromatic C-H bond could have occurred.
In benzene-d 6 , the open site that would be generated by rollover cyclometalation and methane loss from 1 is likely filled by a pyridyl moiety in the ligand backbone of another molecule resulting in oligomeric species 22 or possibly by η 2 -benzene as was reported by Brookhart, Templeton, and coworkers for a similar Pt II system. 23 In contrast, dissolution of the material in the donor solvent pyridine-d 5 leads to coordination of pyridine solvent forming the distinct monometallic species, ( tBu P(O)C)PtMe( pyr-d 5 ), 2-pyr-d 5 . Efforts to isolate crystalline samples of 2-L and 2-pyr-d 5 were not successful. An isolable species, ( tBu P(O)C)PtMe(CNtBu) (2-CNtBu) was formed in approximately 80% yield based on starting 1 ( 1 H NMR integration) upon addition of tert-butylisonitrile (ca. 1 equiv.) to a solution of the thermolysis product, 2-L, in benzene. The 1 H NMR spectrum of 2-CNtBu features three
Scheme 1 Thermolysis of (P(O)N)PtMe 2 , 1, and generation of 2-pyr-d 5 and 2-CNtBu. , 1, at the 50% level of probability with hydrogen atoms and full molecule disorder omitted for clarity. Selected bond lengths (Å) and angles (°): O1-C1 = 1.36(3), O1-P1 = 1.704 (19) , N1-Pt1 = 2.088(18), P1-Pt1 = 2.223(7), Pt1-C14 = 2.05(3), Pt1-C15 = 2.14(3); C1-O1-P1 = 116.9(16), C14-Pt1-C15 = 86.0(12), N1-Pt1-C15 = 92.9(10), C14-Pt1-P1 = 99.0(9), N1-Pt1-P1 = 82.1(6).
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This journal is © The Royal Society of Chemistry 2014 X-ray quality crystals of 2-CNtBu were obtained by slow evaporation of a benzene-ether solution in an N 2 atmosphere. 17 The X-ray structure (Fig. 3 ) obtained confirms the stereochemical assignment made based on the NMR coupling constants. The Pt-C bond trans to the aryl ligand has a bond length of 2.122(6) Å. The crystal structure of 2-CNtBu clearly illustrates that rollover cyclometalation of the pyridine moiety has taken place. This is similar to the reported rollover cyclometalation chemistry of various (bpy)PtR 2 complexes (bpy = bipyridine or bipyridine derivative; R = Me or Ph). 22, 26, 27 Notably, when the thermolysis of (bpy)PtPh 2 was performed in the presence of a suitable trapping ligand, discrete molecular species formed. However in the absence of such a ligand, oligomeric or polymeric species were reported. 22 The observation of rollover cyclometalation from 1 is unusual as there are in general few examples of C-H activation at phosphine ligated Pt centers. 28, 29 Rollover cyclometalation at other metals with a phosphine ligand present are known.
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Synthesis and thermolysis of (
The chemistry of the related bifunctional P(N-H)N ligand on platinum was also examined. The tBu P(N-H)N ligand value of 2080 Hz. X-ray quality crystals of 3 were obtained by slow evaporation of a toluene solution in an N 2 atmosphere (Fig. 4) . When a benzene-d 6 solution of 3 was thermolyzed at 100°C, complete disappearance of the starting material was observed over four days. Well-resolved resonances corresponding to a new species appeared in the 1 H NMR spectrum, however spectroscopic yields of this new species were typically limited to ca. 30% (integration vs. hexamethylbenzene internal standard). In contrast to the thermolysis of 1 where CH 4 was the only isotopologue of methane observed, in the thermolysis of 3, both CH 4 and CH 3 D were observed (typically in a ratio of ∼1 : 1), the CH 3 D being consistent with cleavage of C-D bonds of the C 6 D 6 solvent. In the aromatic region of the 1 H NMR spectrum of the ( tBu P(N-H)N)PtMe 2 thermolysis product mixture in benzene-d 6 , four resonances were observed indicating that the formation of this product did not involve a rollover cyclometalation. This product displayed a single Pt-Me resonance in the 1 H NMR spectrum, 1.60 ( 2 J Pt-H = 88 Hz) and a 31 P resonance at 102.2 ( 1 J Pt-P = 1980 Hz). These data suggest a species with a single Pt-Me group located trans to the weakly donating pyridyl and a phosphorus donor trans to a strong ligand. Upon repeating the thermolysis in benzene-h 6 , followed by spectroscopic characterization of the product in benzene-d 6 , the product was identified as ( tBu P(N-H)N)PtMePh (4, Scheme 2), wherein a phenyl group is located trans to phosphorus. Thus, rather than rollover cyclometalation with C-H activation of the bidentate ligand, intermolecular C-H(D) activation of a benzene solvent molecule takes place to produce 4(-d 5 ).
Upon removal of the benzene solvent from the thermolysis product mixture of 3 in vacuo and redissolution of the residue in pyridine-d 5 , a 1 H NMR spectrum revealed well-resolved resonances corresponding to two significant species. A COSY experiment revealed that one of the species contained four coupled aromatic protons, consistent with (
while the other species had only three aromatic protons as would be expected if a rollover cyclometalation had occurred. This second species which forms competitively with 4 is suggested to be (
The formation of 5-pyr-d 5 is in analogy with the chemistry observed above with formation of the related 2-pyr-d 5 from the similar reaction of 1. Typical yields for 5-pyr-d 5 were low (ca. 15%) which complicated efforts to obtain full characterization. In addition, with the N-H substituted ligand rather than the O-substituted ligand, efforts to find a trapping reagent analogous to the isonitrile (vide supra) that allowed for isolation and thorough characterization of the rollover cyclometalation product were not successful. When the thermolysis of 3 was carried out in the presence of pyridine (5-50 equiv. or neat pyridine-d 5 ) as a trapping ligand, a high yield (>80%) of a single product was obtained (Scheme 3). In these reactions CH 4 was produced as a single isotopologue but neither inter-nor intramolecular C-H activation was observed.
The 1 H NMR spectrum is consistent with a species having a single Pt-Me group and all four aromatic C-H bonds intact. The 31 P NMR spectrum has a single resonance at 86.4 ppm ( 1 J Pt-H = 3921) suggesting a phosphine with a weakly donating trans ligand. Most notable however was that no N-H resonance was observed in the 1 H NMR spectrum of the product. Crystals of this new species were obtained by slow evaporation of a solution of dichloromethane (in air using benchtop solvent) and the product was shown to be ( tBu P(N)N)PtMe( pyr) by X-ray crystallography (6, Fig. 5 ). No pyridinium was detected spectroscopically and the crystal structure contained no anions. Disordered CH 2 Cl 2 was uniquely identified from electron density maxima, bond-distances, and free site-occupancy fit to test correctness of element type assignment. A water molecule was located in the crystal lattice near the formally anionic nitrogen atom (N3⋯O1 = 2.880 (8) ). The water is disordered and two of the hydrogen atom sites on the water, H1b and H1o, are at fractional occupancies, consist with H 2 O rather than H 3 O + .
Water was refined with a rigid model, leaving H-H distances and O-H distances fixed, but allowing free rotation of the water, which lead to the observation of a possible hydrogen bond interaction. This interaction between H1a and N3 could serve to stabilize the formally anionic charge through hydrogen bonding. The changes in the ligand bond lengths between 3 and 6 are subtle, all less than 0.04 Å. Kirchner The formation of 6 is notable because it represents the formal coupling of an N-H proton in the ligand backbone with a methyl group bound to the metal center. The microscopic reverse of this reaction would be a net C-H activation reaction that is reminiscent of H 2 activation by Noyori type hydrogenation catalysts with nitrogen on the ligand receiving a proton. 39 Mechanistic investigations of the formation of 6 are in progress and preliminary results indicate that the added pyridine is involved in mediating the reaction; formation of 6 was qualitatively faster with increasing pyridine concentration and fastest in neat pyridine-d 5 .
Scheme 2 Thermolysis of (P(N-H)N)PtMe 2 in C 6 D 6 .
Scheme 3 Thermolysis of 3 in the presence of pyridine. 
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Summary
New organometallic Pt complexes with bidentate ligands bearing two different donor atoms were prepared and their thermolyses were explored. The hemilability of the ligand appears to play a significant role in the reactivity observed. Dissociation of the pyridyl ring in ( tBu P(O)N)PtMe 2 , 1, leads primarily to rollover cyclometalation, with the formation of 2-L (where L is benzene solvent or the pyridine N of another rollover product molecule). Complex 2-L is effectively trapped by tert-butylisonitrile allowing isolation and characterization of 2-CNtBu. In the case of ( tBu P(N-H)N)PtMe 2 , 3, inter-and intramolecular C-H activations appear to be competitive with both activation of benzene solvent, to yield the methyl phenyl derivative 4 and rollover cyclometalation to yield a tBu P(N-H)C analog of 2-L. Thus the subtle change from an O atom linker to a NH linker in the backbone of the bidentate ligand significantly changes the selectivity of the C-H activation reaction. In addition, thermolysis of the ( tBu P(N-H)N) ligated 3 in the presence of pyridine allowed for the isolation of complex 6, the product of an unusual coupling of the proton on the N of the ligand backbone with a Pt-Me group. Studies of the effects of varying the linker group (atoms and linker lengths), the substituents on the nitrogen, and the substituents on the phosphorus in these P(X)N ligands are ongoing in our laboratory in order to provide insight for the development of catalytic systems involving C-H bond activation.
Experimental

General conditions
Unless otherwise specified, all manipulations were carried out in a nitrogen-filled glovebox, using a Schlenk line, or using a high vacuum manifold. Glassware was oven-dried prior to use. Dichloromethane and THF were dried by passage through activated alumina columns under argon. Benzene, toluene, and pentane were dried by passage through columns containing activated alumina and Q5 reactant, a supported copper oxygen scavenger, under argon. 40 was prepared according to a literature procedure. 15 All other reagents were obtained from commercial vendors and used as received. NMR spectra were recorded on Bruker AV300, DRX500, AV500, AV700, or AV800 spectrometers and were referenced to the residual protiated solvent signal. Data from HMQC and HMBC experiments were used in the assignment of 13 C NMR resonances. Abbreviations: s = singlet, d = doublet, dd = doublet of doublets, m = multiplet, br = broad.
Synthetic procedures
Synthesis of tBu P(O)N. The preparation of tBu P(O)N is based on the reported synthesis of a related molecule. 14 In a Schlenk flask, hydroxypyridine (1.11 g, 11.7 mmol) was dissolved in 30 mL THF. To this solution was added tetramethylenediamine (1.5 mL, 10 mmol) and triethylamine (1.0 mL, 11 mmol). The solution was cooled in an ice water bath and di-tert-butylphosphine (2.0 mL, 11 mmol) was added. The flask was fitted with a reflux condenser and heated at reflux for four hours, then cooled to room temperature. The volatiles were removed in vacuo and the residue was extracted with several portions of benzene (∼50 mL total). The benzene extracts were collected and filtered. The volatiles were removed in vacuo to give a pale yellow oil. Yield: 1.9 g, 7.9 mmol, 74%. Schlenk flask was charged with 2-aminopyridine (1.56 g, 16.6 mmol) in THF (40 mL). The solution was cooled in a dry ice/acetone bath and n-butyllithium (∼2.5 M hexanes, 7.8 mL, 20 mmol) was added by syringe. The solution was stirred for one hour then chloro-di-tert-butylphosphine (3.5 mL, 18 mmol) was added and the mixture was allowed to warm to room temperature. After 45 minutes the volatiles were removed in vacuo. The residue was extracted with pentane and the extracts were filtered through a 0.2 μm PTFE syringe filter and again the solvent was removed in vacuo. The resulting material was suspended in acetonitrile and stirred overnight. The resulting white solid tBu P(N-H)N was collected on a medium
Synthesis of ( tBu P(N-H)N)PtMe 2 (3) . A flask was charged with Synthesis of ( tBu P(O)C)PtMe(CNtBu) (2-CNtBu). A solution of 2-L in C 6 D 6 ( prepared as described above) was treated with 1 equiv. tert-butylisonitrile to generate (2-CNtBu) in approximately 80% yield from 1 ( 1 H NMR integration vs. hexamethylbenzene internal standard). Analytically pure material was obtained by allowing the solvent to evaporate from an NMR sample then adding pentane to the residue and vigorously stirring the suspension before carefully removing the supernatant by pipette. X-ray quality crystals were obtained by slow evaporation of a benzene-pentane solution of ( tBu 3H 
Crystallographic details
Parameters related to the structures for 1, 2-CNtBu, 3, and 6 are described in Table 1 . The data for 1 and 2-CNtBu was integrated and scaled using SAINT, SADABS within the APEX2 software package by Bruker. 43 The data for 3 and 6 was integrated and scaled using DENZO-HKL Scalepack. 44 Solution by direct methods (SHELXS, SIR97 45 ) produced a complete heavy atom phasing model consistent with the proposed structures. The structures were completed by difference Fourier synthesis with SHELXL97. 46, 47 Scattering factors are from Waasmair and Kirfel. 48 Hydrogen atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with C-H distances in the range 0.95-1.00 Å. Isotropic thermal parameters U eq were fixed such that they were 1.2U eq of their parent atom U eq for CH's and 1.5U eq of their parent atom U eq in case of methyl groups. All non-hydrogen atoms were refined anisotropically by full-matrix least-squares. The structure of 1 was highly disordered. To test the disorder, a solution in P1 was attempted, which showed the same disorder with a Flack parameter of close to 0.5. The data was tested for twinning using Cell_Now 49 and by attempting to add a twin card to the shelex refinement. Some statistical improvement of the structure was achieved by leaving out a larger section of strongly disagreeing data, however, the remaining data is still 96.6% complete to 25 degrees in theta. 
